This paper describes a method to determine absolute temperatures of surfaces based on the thermal infrared polarization of the radiant beam emanating from the surface. No knowledge of the surface emissivity is required but a known source of radiation is required to be reflected off the surface. Results of measurements from two samples are presented.
Introduction
Greek symbols The thermal infrared radiation emanating from a surface is a function of several parameters such as its temperature, emissivity, roughness and direction of emission with respect to the surface normal. Surfaces that are not ideally black have an emissivity value less than unity. Consequently the beam of radiation emanating from the surface is comprised of two parts namely a self emitted part and a reflected part.The surface temperature information is contained in the self emitted part only and it is not possible to separate the emitted part only from the total beam. Usually in remote measurements one has to assign an emissivity value to the surface and specify the effective temperature of the surroundings reflected by the surface in order to deduce the su�face temperature. Moreover the surface emissivity usually has a spectral structure and consequently affects the acuracy of value of the deduced temperature
In this paper we present a novel method to determine the absolute temperature of a surface without requiring any knowledge of the surface emissivity. The method is based on measuring the linear polarization of the radiation beam which is a function of the difference in temperature between the surface and the reflected surroundings. As will be shown the method is applicable to any surface which is not ideally diffuse or Lambertian in nature.
QIRT 94 -Eurofherm Series 42 -EETI ed., Paris 1995 In the thermal infrared region the radiation from a surface contains a self emitted part and a reflected part. One can further consider this radiation to be a mixture of unpolarized and polarized radiation giving rise to a partially polarized beam whose degree of polarization depends upon the specularity of the surface. The temperature difference between the surface and the reflected surroundings can be related to the net linear polarization of the emanating beam as follows.
Considering the specular part, the polarized radiance emanating from the surface in the parallel and perpendicular planes is given by 
(3)
This is the basis on which polarization thermometry is carried out [2] . By reflecting a blackbody source off the surface and measuring the difference in the polarized radiances of the beam containing both emitted and reflected components we obtain a null value when the source temperature is identical to the surface temperature.
Measurements
The basic instrument used to measure polarized radiances was the AGA 780 LW imaging radiometer. This instrument was modified to measure polarized radiances by inserting a linear polarizer in the optical path to the detector. The response of most optical instruments is sensitive to a greater or lesser degree to the orientation of the linearly polarized beam and hence a radiometric calibration is necessary. This calibration was performed for the two orthogonal orientations of the polarizer and a typical calibration curve is shown in figure 2 . A linear regression yields slope and offset values which are used to convert the instrument output to radiance values.
Polarization thermometry measurements were carried out on a painted copper block using two different experimental setups. In the first case the copper block was mounted on a hot plate source and its temperature was stabilized using a temperature controller.
A blackbody source was reflected off the painted surface and the thermogram of the surface recorded by a computerized image capture system. The surface was maintained at a temperature of 60C as measured by an embedded resistance thermometer and the blackbody source temperature was varied in stages from 40C to 80C .At each stage, for a given blackbody temperature the polarized radiance images for the two orthogonal positions were recorded. In this setup the ambient surroundings were not homogeneous with regard to temperature.
In the second setup the copper block was mounted in a box and viewed through an aperture in the wall of the box. In this case the temperature of the copper block was varied using a thermoelectric element and its temperature maintained by a controller.The block was painted with a different colour(in the visible) and its temperature measured using an embedded resistance thermometer. The temperature of the box enclosure was measured using a thermocouple probe. As in the previous case polarized image pairs were recorded.
Results
The difference between the parallel and perpendicularly polarized radiances normalized to their sum (i.e the degree of polarization) is plotted against the difference in temperatures between the surface and the surroundings. The results of the first setup are shown in figure 3 . We see that for surface temperatures higher than the blackbody source the difference is positive and when lower than the blackbody source it is negative. The radiance null difference point corresponds to the temperature null difference point within the limits of the experimental error. Near the null point we note an increase in the radiance difference when the surface temperature is below the blackbody temperature . This behaviour is possibly due to a fluctuation in the surface temperature of the blackbody source at the time of measurement.
The results of the experiment with the homogenous surroundings is shown in figure 4.
In this case also we see that the null in radiance difference corresponds to a null in temperature difference. Moreover no abnormal behaviour is noted both below and above the null point.
Conclusions
The proposed method gives results in agreement with the simple Fresnel model predicting a null difference in polarized radiation when the surface and reflected sources are at the same temperature. An attractive feature of the method is the ability to measure true surface temperatures without any knowledge of the surface emissivity. Polarimeter calibration curve transmission direction: perpendicular 
